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Introduction

Introduction

Open string field theory has the possibility of revealing
non-perturbative aspects of string theory.

Recently, Erler and Maccaferri have proposed a method to
construct classical solutions, which are expected to describe any
open string background (2014).

Erler-Maccaferri's solutions provide correct vacuum energy and
gauge invariant observables.

Is it possible to find open spectra in the background of the
solution?

It is difficult to give a definite answer to this problem, because
there are some subtleties concerning BRST cohomology in the
background.



Introduction

There is another question related to the degree of freedom of
string fields in the background.

We have one string field in the theory on a single D-brane.

However, in the case that the multi-brane solution provides the
background of the N D-branes, the number of string fields
increases to N2 around the solution.

Here, it is natural to ask how to generate N? string fields or
Chan-Paton factors from one string field.



Introduction

On the other hand, it is well-known that matrix theories are able to
describe various D-branes (BFSS 1996, IKKT 1996).

In matrix theories, D-branes are created by classical solutions as
block diagonal matrices. After expanding a matrix around the
solution, block matrices can be understood as representing open
strings connecting each D-brane.




Introduction

Here, it should be noted that there are similarities between the
matrix and the open string field: the matrix is deeply tied to the
open string degree of freedom, and an open string field is
interpreted as a matrix in which the left and right indices
correspond to the left and right half-strings (Witten 1985).

(U= V)[XL, Xg] = >y U[Xy, Y] VY, Xg]

UxV

Then, it seems plausible that N? string fields on N D-branes are
embedded like block matrices in a string field on a D-brane.
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Introduction

The purpose of our talk is to clarify the origin of the N2 string
fields in the background of an N D-brane solution.

We will show that the theory expanded around the solution is
regarded as an open string field theory on N + 1 D-branes, but in
which a D-brane vanishes as a result of tachyon condensation.

Then, the N? string fields will be given as block matrices in a
string field as an infinite-dimensional matrix.
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String Field Theory and Tachyon Vacuum cubic bosonic open string field theory
tachyon vacuum solution

Cubic bosonic open string field theory

Action

S[\II;QB]z—g%/(%\I!*QB\I/—F%\II*\IJ*\I/) J

open string field: ¥[X (o), -]
(functional of string coordinates X*(o))

@Qp: Kato-Ogawa BRST operator



String Field Theory and Tachyon Vacuum

cubic bosonic open string field theory

tachyon vacuum solution

Gauge symmetry

The action is invariant under the gauge transformation

U =exQpel +e M xWxed J

1 1
—AX * AX } )—,A\ * A\ * A\ o
J

2!

M =T+ A

I :identity string field, . IxA=AxI=A forV A

Equations of motion

QU+ T+ =0 |
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String Field Theory and Tachyon Vacuum cubic bosonic open string field theory
tachyon vacuum solution

tachyon vacuum solution

Open bosonic SFT has a tachyon vacuum solution.

¥ =0 --- perturbative vacuum:
the string field on D-branes
closed strings as quantum effects

U =1 --- tachyon vacuum:
D-branes disappear

on-shell modes are unphysical (BRST quartets).

closed strings as quantum effects (?)

v
i A
3 1
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Erler-Maccaferri's solution for N D-branes

L . . s
Open string field theory around multi-brane solutions IaldeserbedlbyRneolition

boundary condition changing operators

We can introduce bcc operators:

Z
X = o = o,eVhX’
— = _‘\/EXO
BCFT b.c. a. BCFT* b.c. G =0y
o) e

In general, we can construct the operators as

Sli}g}rE&(s)a(O) =1l J

It is noted that lims_0+c 0(s)a(0) # 1 in general.
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Erler-Maccaferri's solution for N D-branes

. X . N B ors
Open string field theory around multi-brane solutions 3 ©

ound described by the solution

We consider multi-brane solutions in the Minkowski background for
simplicity.

For N D-brane solutions, the bcc operators can be given by
Ua(z> = eika.X(Z)v 5(1(2) = e_ika.X(Z) ((l = 17 2> e 7N)7

where Kkl satisfy k2 = 0 and k, - ky < 0 (a # b). KMTT (2014)

lim 54 (€)op(0) = lim e Fako = 5,

e—0 e—0 ’ J
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Erler-Maccaferri's solution for N D-branes

Open string field theory around multi-brane solutions nd described by the solution

For example, we can take KMTT (2014)
k' = (a,1,v/a2—1,0,--,0) (a=1,2,---).
Then, we find

ko -ky = —ab+1++Va?2—-1v02-1
= —(ab—1)+ /(ab—1)2 — (a — b)?
< 0.

The two sides are equal iff a = b.

ka - ke 14/35



Erler-Maccaferri's solution for N D-branes
s
ind described by the solution

Open string field theory around multi-brane solutions

Erler and Maccaferri introduced N pairs of regularized bcc
operators:

These operators satisfy
50X = dab,
and
Q1Y = Q1. =0,

where Q1 is a modified BRST operator on the tachyon vacuum.

We can construct ¥, and X, as

1 1 _ T 1
E“:QT<\/1+KB%\/1+K)’ Z“:QT(\/lJrKBU“\/lJrK)'
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Erler-Maccaferri's solution for N D-branes

ors

Open string field theory around multi-brane solutions srred] sz (57 i st

Erler-Maccaferri's solution

Using the tachyon vacuum solution 9, and ¥, ¥,
Erler-Maccaferri provided a multi-brane solution as

N
Up=1tpr — Y TathrZ,

a=1

The solution W provides a correct vacuum energy for N D-branes:
S[®o; @] = —(N — 1)S[¢r; Qsl-

Expanding the string field around the solution as ¥ = ¥y + ), we
can obtain the action for the fluctuation :

S[¥; Qp] = S[¥o; @B] + S[v; Qu,)-

Does S[¢; Qw,| describes the theory on the N D-branes?
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Erler-Maccaferri's solution for N' D-branes
Projectors

Open string field theory around multi-brane solutions Baieroundldeseribedibyitieralttion

Projectors

To clarify the physical interpretation of S[i); Qw,|, we introduce N

projection states as follows: KMTT (2014)
P,=%%, (a=1,---,N). J
In addition to P,, we define the Oth projection as a complementary
projector:
N
R=1-) P,
a=1

where 1 denotes the identity string field.
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caferri’s solution for N D-branes

Open string field theory around multi-brane solutions

Background described by the solution

By definition, these N + 1 projections satisfy

N
> Pa=1,
a=0

where the Greek indices are used for values 0,1,--- , V.

From Q1 P, = 0, it follows that

QBPa = awT - QJJTPcz-

Moreover, we can find some relations among P,, ¥, and ,:

Pazb = z:aéaba i:a]Db = i:aéaba POEb = 07 2aPO =0.
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Open string field theory around multi-brane solutions

With the help of these projectors, the string field W can be
partitioned into (N + 1) x (NN + 1) blocks:

. Yoo Wor -+ Yon
VYip Y11 -+ Uiy
oSS pan | 0
a=0 =0 : :
Uno Yn1 - Ypnn

where W,z is defined as the («, 3) sector of ¥; ¥, = P, ¥ P;s.
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E ferri's solution for N' D-branes
Projectors
B

Open string field theory around multi-brane solutions i eerihe o colitio
/ ound described by the solution

The second term in Erler-Maccaferri's solution is a solution to the
equation of motion at the tachyon vacuum.

Then, the second term is represented as

0 0 0 e 0
N 0 —X1Yry 0 ‘e 0
_ Z ZawTia — 0 0 =gt - - 0
a=1 : : : :
0 0 0 co o —YNYUTEN

Accordingly, it turns out that the N D-brane solution at the
tachyon vacuum is given as a block diagonal matrix.

This is a similar result to the case of matrix theories (BFSS,
IKKT).
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ferri's solution for N' D-branes

Open string field theory around multi-brane solutions Bl dlsarised [y e selhifem

Background described by the solution

Now, we consider the fluctuation i around the N D-brane
solution.

Using the projectors, ¢ can be written by matrix representation:

N N
b= DD bap
a=0 =0
Here, we consider change of variables of ggag.
qzab can be rewritten as
bab = Padab Py = Sa(Zadar o) Zo.

So, we can change the variables from qgab to ¢gp = iagfﬁabilb.
21/35



caferri’s solution for N' D-branes

Open string field theory around multi-brane solutions

Background described by the solution

Similarly, writing ¢oa = XaZa, a0 = ZaXa, the fluctuation 1 is
represented as

P = X+Zxa2 +Zzaxa+222a¢abzb

a=1 b=1
X szb

an(a Etz(z)abi:b

where we rewrite ¢gg as x.



ferri's solution for N D-branes

Open string field theory around multi-brane solutions

S
und described by the solution

Similar to the equation Qu,(XsAY) = X,(QpA)S, given by
Erler-Maccaferri, we find that

Qu,(PoAPy) = Qp(PyAPRy) + Uo(PyARy) — (=1)I41(PyAP) W,
= Qp(PAPRy) + YrPyAPy — (1)1 Py APyr
(- Wo=1r—S¢rE, TPy =PX=0)
= Py(QpA)Py + Popr APy — (—1)IA1 Py Ayr Py
(. QpPy = Potpr — Y1 Fy)

= P()(QTA)PO

Similarly, we have
Qu,(PAS,) = Py(QroA)X,,
Qu,(X.AP) = Xa(QorA)F,

where QroA =QpA+YrA and QorA =QpA— (—1)‘A‘A’L/JT.
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ferri's solution for N' D-branes
jectors
Background described by the solution

Open string field theory around multi-brane solutions

Then, we find a matrix representation of Qy,:

Po(Qrx)Py  Po(Qroxs)Zp
Qu,y = _
Ea(QorXa)Po Ta(QBoab) b

N D-branes Tachyon vac.
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ccaferri's solution for N' D-branes

. . . . rs
Open string field theory around multi-brane solutions i) sl iy e ssllvien

As a result, the action expanded around W, can be rewritten as

S[va\Po] = S[¢ab§QB] +S/[X7Xaa>za7¢ab]a J

where each action is given by

. L NN [N N N
Sloar; Q8] = —92/ (2 > aQBdar + 3 Zzz¢ab¢bc¢m>

a=1 b=1 a=1 b=1 c=1
and
1 1 N 1
S,[X, Xas Xaa ¢ab] = _? / <2XQTX + Z )ZaQTOXa + §X3
a=1
N N N
Y et Y Xam) |
a=1 a=1 b=1
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aferri’s solution for N D-k

Open string field theory around multi-brane solutions Bl dlsarised [y e selhifem

1 1 N N 1 N N N
Sloar @l =——5 [ (5D QB +3> D > PabPredea

9 a=1 b=1 a=1 b=1 c=1

Obviously, S[¢a; @B] represents the action for N D-branes;
namely, ¢ is a string field of an open string attached on the ath
and bth D-branes.

AN

RN
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caferri’s solution for N' D-branes
Projectors
Background described by the solution

Open string field theory around multi-brane solutions

Sl[X?Xaa)Zaaﬁﬁab] = _912/ *XQTX"FZXaQTOXa %X
+ Z XaXXa T Z Z Xa®abXb

a=1 b=1
X is a string field on a D-brane with tachyon condensation, and x,
and x, represent string fields of an open string attaching on a
D-brane with tachyon condensation and on one of the N D-branes.

%

Gl %

7077220222277

% 7 7
,,W,,/,,,,//,,,,/,t,/;,,,,//,¢
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ferri's solution for N' D-branes
[P or
Background described by the solution

Open string field theory around multi-brane solutions

Accordingly, these actions describe the theory for NV 4+ 1 D-branes
in which a D-brane vanishes due to tachyon condensation.

This system is physically equivalent to the N D-brane system and
therefore this result is consistent with the expectation that the
solution Wy is regarded as an N D-brane solution.

Chan-Paton factors are generated by Erler-Maccaferri’s solution!
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ferri's solution for N D-branes

P
Background described by the solution

Open string field theory around multi-brane solutions

Let us consider an on-shell closed string coupling to an open string
field.

For the open string field W, an interaction term with the closed
string vertex is given as a gauge invariant overlap:

Oy (W) = / Vo,
Here, V is a BRST invariant state
V =VY(,—i)l,
where V is a closed string vertex operator.

1%
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aferri’s solution for N D-branes

Open string field theory around multi-brane solutions

o
Background described by the solution

In the background of the N D-brane solution, we can easily find
couplings of the fluctuation fields to the closed string as

OV(¢) = / X+ Z Xa2 + Z YaXa T Z Ea?babzb

a,b=1

N
= OV(X) + Z OV(Qbaa)-

a=1

(fAB = (—1)AIIBl [ BA, VA= AV, 5,5 = 6ab, SaXa = XaXa = 0)

This correctly provides a closed string interaction to open strings
on the N + 1 D-branes.
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ccaferri's solution for N' D-branes

. . . . rs
Open string field theory around multi-brane solutions i) sl iy e ssllvien

We consider the correspondence between gauge symmetries in the
original action and the expanded action.

The original gauge transformation is given by

SA0 = QpA + A — AT,

Here, we decompose A into A,3 = P,APg by the projectors.
Then, changing variables as
Aab = EaAabilh AOoz = )\aiaa [\ao = 2(15\(17

the gauge transformations for the components are given as

APab = QBAawp + PacAet — Nacheb + Xarb — AaXbs
AXa = Po(Qrora) + XAa + XoAba — AXa — AoPbas
6aXa = (QorAa)Po+ Xa) + dap s — AaX — Aab X,

oax = Po(QrA)Po+ XA+ Xara — AX — AaXa-
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Concluding remarks

Conclusions

@ The theory expanded around the N D-brane solution given by
Erler-Maccaferri describes an N + 1 D-brane system with a
vanishing D-brane due to the tachyon condensation.

@ By projectors made of regularized bcc operators, an open
string field in the original theory is divided into multi-string
fields with matrix indices.

@ These indices can be regarded as Chan-Paton factors in the IV
D-brane background.

@ N? string fields on N D-branes are embedded in a string field
as block matrices.

@ Similarly, gauge transformation parameters in the expanded
theory are represented as block elements of a gauge parameter
string field in the original theory.
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Concluding remarks

In a general SFT given by a BCFT, the theory expanded
Erler-Maccaferri's solution provides string fields on a D-brane given
by a BCFT* and on a vanishing D-brane.

BCFT vacuum

(¥) = EM sol.
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Concluding remarks

We should comment on the multiplicative ordering of ¥, and 3,
in the projectors.

The bcc operators break associativity, as discussed by
Erler-Maccaferri.

Then, we should separate these states by some worldsheet.
In the case that i is given by the Erler-Schnabl solution, one
possible choice for regularization is

B _ _
Pa:EaQT <1+K6 EK) Ya,

where € is a positive infinitesimal parameter.
B/(1+ K) is a homotopy operator for Q1 and it can easily be
seen that P, P, = 6,3, and Q1 P, = 0.
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Concluding remarks

Future work

@ Is it possible to connect any background with classical
solutions and projectors in string field theory?

@ What is a space of open string fields?

@ Is it possible to formulate a kind of matrix theories, if we
approximate a string field by a finite dimensional matrix?.
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